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Abstract 
Educator Robert Hutchins once said, "It must be remembered that the purpose of 
education is not to fill the minds of students with facts, .. it is to teach them to think, if 
that is possible, and always to think for themselves." These facts stuffing the minds of 
students often come from the tool that teachers use in an attempt to teach their students to 
think: the textbook. This resource plays too chief a role in so many classrooms that it 
does as much harm as good. Instead of learning and expanding their minds, students are 
satisfied cramming their minds full of facts from a book in order to get ready for the test. 
With this project, I developed a brief portion of curriculum for a secondary 
physics class that is to be taught entirely without a textbook in order to avoid these 
problems. By circumventing the textbook, I was able to design lessons that met my goals 
in the most efficient and effective manner. The project includes: lesson plans, handouts, 
experiments, activities, and assessments to be used in the teaching of Newton's laws. It 
also includes justifioation and explanation for the choices made in selecting activities, 
topics, and resources. 
The unit is ready-to-teach in any secondary physics or physical science classroom. 
It includes all necessary notes, assignments, and assessments. It includes several topics 
related to the teaching of Newton's laws that have been effectively integrated. 
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Rationalization 
This unit has been designed to be used as is in a secondary physics or physical 
science classroom. It has been designed in such a way that there is no need for an 
accompanying textbook. Because of this, it can be easy implemented in a variety of 
settings regardless of the district's adopted textbook. 
The unit is appropriate for a Physics I, Tech. Prep. Physics I, or an Integrated 
Chemistry-Physics course. It meets the standards and curriculum goals of all ofthese 
courses. For many schools, it would be more appropriate for a lower-level physics course 
because of its heavy concentration on conceptual understanding. There is a significant 
amount of thinking and math skills required as well, so it would still be quite appropriate 
for a "college-prep" physics course. 
Included is a list of specific objectives that will be met through the teaching of the 
unit. A rationale for the unit (including a list ofIndiana Academic State Standards met 
by it) is also included. This provides the validation needed for the teaching of the 
specific material. 
The lessons themselves include a variety of teaching and learning strategies. The 
students are often involved in exciting and fun activities to support the learning ofthe 
concepts. Writing and math skills are also reinforced with many of the activities and 
assignments. Lab experiences include cooperative learning, inquiry learning, and 
problem solving skills. The students are also able to work together long-term on a project 
which takes physics outside the classroom and makes it more meaningful. 
When used effectively with a dynamic teaching style, this unit can be a useful and 
successful learning experience for the students. It does far more than feed the students 
the information that they would find in a textbook; it opens their minds to a whole new 
way oflooking at the world around them. This unit on Newton's laws is a learning tool 
that could be used by any teacher to enhance their teaching of the material. 
Rationale 
The topic of this unit, Newton's laws, was chosen for several reasons. First of all, 
Newton's laws fall under the National Science Education Standards of Motions and 
Forces. There are also several connections to Indiana Academic Standards for Physics I 
that this unit directly addresses. More importantly, a thorough understanding of forces 
and Newton's laws is important for a comprehension of physics in general. 
The Indiana Academic Standards for Physics I that are covered are as follows: 
P.l.l: Describe matter in terms of its fundamental constituents and be able to 
differentiate among those constituents. 
P.l.2: Measure or determine the physical quantities including mass, charge, pressure, 
volume, temperature, and density ofan object or unknown sample. 
P .1.4: Employ correct units in describing common physical quantities. 
P.1.5: Use appropriate vector and scalar quantities to solve kinematics and dynamics 
problems in one and two dimensions. 
P.1.6: Describe and measure motion in terms of position, time, and the derived 
quantities of velocity and acceleration. 
P.1.7: Use Newton's Laws (e.g., F = rna) together with the kinematic equations to 
predict the motion of an object. 
P.2.1: Explain that Isaac Newton created a unified view offorce and motion in which 
motion everywhere in the universe can be explained by the same few rules. Note 
that his mathematical analysis of gravitational force and motion showed that 
planetary orbits had to be the very ellipses that Johannes Kepler had proposed two 
generations earlier. 
/ 
P.2.2: Describe how Newton's system was based on the concepts of mass, force, and 
acceleration; his three laws of motion relating to them; and a physical law stating 
that the force of gravity between any two objects in the universe depends only 
upon their masses and the distance between them. 
P.2.3: Explain that the Newtonian model made it possible to account for such diverse 
phenomena as tides, the orbits of the planets and moons, the motion of falling 
objects, and Earth's equatorial bulge. 
Objectives 
1. Given definitions and examples, students will be able to differentiate vector and 
scalar quantities, define a quantity accordingly, and calculate the magnitude (and 
direction) and scalar and vector quantities. 
2. Given definitions and examples, students will be able to explain inertia, how inertia 
relates to the mass of an object, and Newton's first law in their own words. 
3. Given examples and information from lecture, students will be able to correctly 
define what a force is, will know how to create one, and calculate the force of gravity 
on an object caused by the earth's gravity. 
4. Given examples and definitions, students will be able to explain Newton's second law 
conceptually and be able to apply Newton's second law (F = rna) mathematically in a 
variety of instances. 
5. Given examples, students will be able to calculate net force correctly and apply 
kinematic equations to use this information to find other values. 
6. Given real-life examples, students will understand the concepts of friction and air 
resistance, will be able to explain their effects conceptually and mathematically solve 
for the friction an object. 
7. Given information and examples from lecture and demonstrations, students will be 
able to define, explain the concept of action/reaction forces, and identify 
action/reaction pairs. 
8. Given data and examples, students will be able to combine Newton's three laws to 
make more complex calculations. 
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Daily Schedule 
Monday Tuesday Wednesday Thursday Friday 
Propose- Lecture- Lecture-
Big Questions Inertia Lab- History of Motion Lab-
Lecture- Lab- Egg Challenge Quiz- Second Law Inquiry 
Vector vs. Scalar Inertia wI Toys VectorlScaiar Quiz 
Assignment- HW- Lecture-
Vector vs. Scalar InertiaHW What is a Force? , 
Introduce Project- Get materials for HW-
Newton's Rockets Egg Challenge Take-Home #2 
HW-
Take-Home #1 
Lecture- Lecture- Lab- Lecture- Quiz-
Second Law Net Force Net Force Friction Force Quiz 
Assignment- Assignment- HW- Lab- Lab-
Second Law Math Net Force Math NetForceHW Friction wI Toys Friction 
HW- HW- HW-
Second Law HW Take-Home #3 FrictionHW 
Lecture- Quiz-
ActionlReaction Lab- Newton's Laws Lab- Test- i 
Discussion- ActionlReaction Discussion- Newton's Rockets Unit Test 
Horse & Cart HW- Unit Review HW-
Lab- ActionlReaction HW Lab- ReviewHW 
Reaction Fun Dropped Balls 
HW- HW-
Take-Home #4 Man your rockets! 
Assessment and Scoring 
Fonnal assessment: 
Assignment Points 
Day 1: Take-Home #1 5 points 
Day 2: Inertia wi Toys 15 points 
InertiaHW 10 points 
Day 3: Egg Challenge 25 points 
Quiz #1 25 points 
Day 4: Take-Home #2 5 points 
Day 5: Inquiry Lab 25 points 
Day 6: Second Law HW 10 points 
Day 7: Take-Home #3 5 points 
Day 8: Net Force Lab 25 points 
NetForceHW 10 points 
Day 9: Friction wi Toys 15 points 
FrictionHW 10 points 
Day 10: Friction Lab 25 points 
Quiz #2 25 points 
Day 11: ActionlReaction Fun 15 points 
Take-Home #4 5 points 
Day 12: ActionlReaction Lab 25 points 
ActionlReaction HW 10 points 
Day 13: Quiz #3 25 points 
Dropped Ball Lab 25 points 
Day 14: Newton's Rockets 100 points 
ReviewHW 10 points 
Day 15: Unit Test 150 points 
Total: 600 points 
Date: Day One (Monday) 
Course: Physics 
Topic: Newton's Laws- Unit Intro & Vector/Scalar 
Objectives: 
Given definitions and examples, students will be able to differentiate vector and scalar 
quantities and will be able to define a quantity accordingly. 
Given examples and experiences, students will be able to calculate the magnitude (and 
direction) of scalar and vector quantities. 
Standards: 
P.l.! 
P.2.1 
P.1.2 
P.2.2 
Methods: (Time) 
Warm-up (-5 minutes) 
P.1.4 
P.2.3 
P.1.S 
Discussion: "The Big Questions" (-10 minutes) 
P.1.6 
Lecture: "What's the Difference?" Vector/Scalar (-IS minutes) 
In-Class Assignment: Vector vs. Scalar (-10 minutes) 
Discussion: Newton's Rockets Introduction (-10 minutes) 
Homework: Take-Home #1 
Safety: 
None 
Materials: 
None 
Resources: 
Physics: A Window to Our World- Jay Boleman 
http://online.cctt.org/curriculumguide/units/metrics.asp 
Assessment: 
P.!.7 
Informal assessment will take place throughout the lecture through questioning of 
individual students and group discussion. 
Formal assessment will be based upon students' ability to complete the in-class 
assignment and the homework. 
Notes: 
-The Big Questions-
l. What's the difference: 
a. mass vs. weight? 
b. velocity vs. speed vs. acceleration? 
2 . What is inertia? 
3. What is a force? 
4. How do I make a force? 
5. What is friction? 
6. What pushes back when I push? 
What's the difference? 
quantities quantities 
These quantities are completely To be completely described, these 
described when you state their quantities must include information 
size. Remember that size can also about both their 
be called and and their 
is usually given in terms of a 
numerical quantity. 
Distance: represented by d in DisElacement: represented by s in 
formulas, its preferred unit of formulas, its preferred unit of 
measure is ( ) . 
--
measure is meters (m) . Displacement 
Distance represents the represents the -
of the path taken distance between the starting point 
between two points. and the ending point and is 
of the actual path 
traveled. 
Time: represented by t in formulas. 
It represents the of No vector equivalent 
an event and is measured in seconds 
(sec) . 
Speed: represented by ___ in velocity: represented by ___ in 
formulas, its preferred unit formulas. It is also measured in 
of measure is tn/sec. It m/sec but represents the ratio of 
represents the rate at which per unit time 
is being traveled. and involves a direction of motion. 
The algebra equation d = x The algebra equation s = x 
--
--
-- --
relates these three initial relates these two initial 
scalar quantities. vector quantities. 
Over an extended interval of time, Over an extended interval of time, 
average speed is defined as the average velocity is defined as the 
ratio of total ratio of net 
traveled divided by time. divided by total 
No scalar equilvalent 
Mass: represented in formulas with 
the variable It is measured in 
kg and represents the quantity of 
_______ present in an obj ect . 
It is also a measure of an 
Acceleration: represented by 
in formulas. It is defined as the 
rate of change of an object's 
It is not the rate of 
change of an object's 
The algebra equation v = x 
relates these two initial 
vector quantities. Over an extended 
interval of time, average 
acceleration is defined as the 
ratio of average 
divided by total 
Weight: represented by the product 
x in formulas. It is 
measured in (N). "g" in 
this formula represents the 
field strength, 
object I S ______ i where inertia or how strong gravity is at a given 
represents the 
an object to a change in 
its state of motion. Mass is 
measured using a 
of location. Anywhere on the earth, an 
object's weight vector always 
points towards the center of the 
earth. On the surface of the 
earth, 9 = m/s'. Weight is a 
Weight is measured 
using a 
Vector vs. Scalar 
1. When an object is moved from one location to another, its __________ _ 
is an invariant, but its changes with the pull of 
gravity. 
2. If Jim drives 8 miles to the mall, 6 miles to the grocery, and 10 
miles home .. . 
a. what distance did he travel? _______________ _ 
b. what was his displacement? 
3. When Connie pushes on the gas pedal in her car, what changes? 
a. speed 
h. acceleration 
c. velocity 
d. all of the above 
4. Carlos drives from Indianapolis to Fort Wayne (120 miles) in 90 
minutes. The return trip takes him 115 minutes. 
a. What was his average velocity in each direction? 
b. What was his average speed in each direction? 
c. What was his average speed for the round trip? 
d. What was his average velocity for the round trip? 
5. What is the weight, in Newtons, of a 22-kg girl? (g 9.8 m/s') 
6. With what force is the girl from question #5 pushing on the ground? 
7. A train accelerates from a stop to 15 mls in 60 seconds. 
a. Calculate the acceleration. 
b. At the same acceleration, how long will it take to get to 50 m/s? 
8. Which has more mass, a tennis baIlor a baseball? 
9. Which weighs more, a tennis ball on Earth or a baseball on the moon? 
10. Light travels at a constant speed of 300,000 m/s. What is its 
acceleration? 
11. Which has more mass, a beach baIlor a softball? 
12. How much does 1 kilogram of feathers weigh? 
13. Weight depends on an object's in a gravitational field. 
14. An object that has twice as much mass will have 
weight at a given location. 
as much 
15. When a ball is dropped out a window, what about it is constant? 
a. velocity 
b. speed 
C. acceleration 
Newton's Rocket 
Objective: 
The goal of this project is to delve further 
into the subject of Newton's Laws. We will go beyond 
the textbook (and even the classroom) to see all of 
Newton's Laws in action. 
Assignment: 
Students will work in groups of 3 or 4 to construct a rocket from 
a 2-liter bottle. Groups will compete against one another in two 
categories: 
-Launch #1: Maximum time aloft "naked" 
-Launch #2: Maximum time aloft w/ parachute 
Along with each rocket, a one-page, typed explanation of the 
rocket must be completed. The explanation will include a description of 
the design, and must also relate design choices to Newton's Laws. 
Topics to note are: Action/reaction forces, inertia, F-m, F-a, air 
resistance, net force, etc. 
Rules: 
1. Students will bring one completed 2-liter bottle rocket for each 
launch. No commercially finished or model products may be used. 
2. The pressurized portion of the rocket must consist of at least one 
plastic 2-liter pop bottle. 
3. The mass of the empty rocket assembly cannot exceed 500 grams. 
4. All energy imparted to the rocket must originate from the water/air 
pressure combination. No other potential or kinetic source of energy 
will be permitted. 
5. Timing of the rocket stops when the first part of the rocket hits 
the ground, when the rocket disappears from the sight, or when the 
rocket impacts or gets entangled in an object. 
6. All rockets will be launched at a pressure not to exceed 75 psi. 
Once the rocket is pressurized, no contestant can tOUGh or approach 
the rocket. 
7. There will be only one trail per launch per participant. Each rocket 
launched must pass a safety inspection and have a mass measurement 
taken. 
8. All rockets will be launched using the launching pad provided by the 
Mr. Morse., 
9. A parachute apparatus must successfully deploy during Launch #2. 
Due Date: 
Rockets will be launched the third Thursday of the unit (see 
timeline). No late launches will be allowed unless previous 
arrangements have been made. 
Project Timeline o 
Monday Tuesday Wednesday Thursday Friday 
Project Take-Off 
Optional 
Practice Launch 
(After school) 
Optional 
Practice Launch Launch Day Unit Test 
(After school) 
Scoring Rubric' (100 points) 
Poor/Incomplete Mediocre Excellent 
0-4 points 5-7 points 8-10 points 
Launch #1 
Completed Rocket 
Satisfies Safety/Mass 
Requirements 
Successful Launch 
10 Seconds Aloft 
(1 point per second up to 10) 
Written Description 
Launch #2 
Satisfies safety/Mass 
Requirements 
Successful Launch 
Parachute Deployed 
20 Seconds Aloft 
ĜŸĚpoint per second up to 10) 
written Description 
Bonus Points will be given to group with maximum time aloft 
for each launch. 
Good Links for Info: 
http://www.ag.ohio-state.edu/-rockets/ 
http://www.h2orocket.com/topic/favorite/slide.html 
http://www.lnhs.org/rocketfest/2001event_descriptions.pdf 
http://hometown.aol.com/txsnapper/tips.html 
Take-Home #1 
Indicate whether each value in the story is a vector quantity or 
a scalar quantity by circling the correct choice. 
Timmy woke up for school 30 minutes (vector/scalar) early, so he 
had some extra time to kill in the morning. In the bathroom he weighed 
himself and found that he weighed 165 pounds (vector/scalar). with his 
breakfast, he had his normal 500-mg (vector/scalar) multivitamin and a 
glass of juice. 
On the way to school, he drove 35 mph due north (vector/scalar) 
out of his neighborhood towards school. Getting to school only took 12 
minutes (vector/scalar) because he lives 6 miles (vector/scalar) from 
school. He could have gotten to school faster, but his old car did not 
have the acceleration (vector/scalar) that a new car would. 
At school, Timmy met his friends and did three laps around the 
school. They walked a total of 300 yards around the school 
(vector/scalar), but their displacement (vector/scalar) was negligible 
because they started at ended right next to Timmy's locker where they 
started. 
In the course of their travels, they passed the science 
department and found several blocks that were labeled 1 kilogram 
(vector/scalar) and some that were marked 4.9 Newtons (vector/scalar). 
When the warning bell sounded, they realized they were running late and 
hurried off to class at 10 mph (vector/scalar). Luckily the hallways 
were empty, and they all made it in time. Timmy had a great day at 
school learning physics, and he lived happily ever after. 
-The End 
Date: Day Two (Tuesday) 
Course: Physics 
Topic: Newton's Laws- Inertia (151 Law) 
Objectives: 
Given definitions and examples, students will be able to explain inertia and Newton's 
first law in their own words. 
Given definitions and examples, students will be able to how inertia relates to the mass of 
an object. 
Given hands-on experiences, students will be able to give real examples of how inertia 
works and how it is used daily. 
Standards: 
P.Ll 
P.2.1 
P.1.2 
P.2.2 
Methods: (Time) 
Warm-up (-5 minutes) 
P.l.4 
P.2.3 
Discussion: Inertia wi Demos (-20 minutes) 
Activity: Inertia wi Toys (-25 minutes) 
P.l.5 P.l.6 
Homework: Inertia Homework & Get materials for Egg Challenge 
Safety: 
Care should be taken to not hit students wi flying tennis ball 
Be sure that students to not actually kick bowling ball 
Materials: 
Tennis ball on string 
P.1.7 
Table cloth 
Dishes 
Soccer ball 
Bowling ball String (bowling ball demo #2) 
(See Inertia wi Toys for more required materials) 
Resources: 
Conceptual Physics- Paul G. Hewitt 
Physics: A Window to Our World- Jay Boleman 
http://faculty.rpcs.org/lentznlPhysicslDiscoveringNewton'sLawsLab.PR.htm 
http://oniine.cctt.org/curriculumguide/units/Newton.asp 
http:// oniine.cctt.orgiphysicslabl content! cpworkbook/page _11 HS/Inertia.asp 
Assessment: 
Informal assessment will be based upon questioning of individuals and small groups in 
lecture and during the group activities. 
Formal assessment will be based upon the students' ability to complete the group activity 
and correctly complete the assigned homework. 
Notes: 
1st Law: Inertia 
Newton's first law of motion is also called the law of 
It states that: 
Any object remains at ____ _ or in 
unless it is straight-line 
acted upon by an outside 
Demo 1: Objects at rest on a table 
Put more simply, an object will tend to keep doing what it is 
already doing. In order to stop a moving object, one has to oppose the 
motion with a force (a push). In order to set an object that is at rest 
in motion, one has to push it (apply a force). 
Inertia is a property of matter that is related to the 
of an object. An object with greater mass will have more inertia. 
Demo 2: Which would you rather kick: 
• a bowling ball? 
-or-
• a soccer ball? 
Most would choose a soccer ball because it is "lighter" or "it 
would hurt less." When thinking these things, you are really comparing 
the inertia of the two objects. You "know" it would take a greater 
force to move the bowling ball, so you choose the soccer ball. 
Initially, we defined mass as the amount of in an 
object. Mass can also be correctly defined as a measure of the 
that an object exhibits. This definition helps us to understand what 
the first law is really all about. 
Demo 3: Where will it break? 
the 
Where will the string break when pulled slowly? 
Where will the string break when yanked quickly? 
Why the difference? 
The final important detail to note about Newton's first law, is 
part of the definition. Objects tend to move 
in straight paths when not acted upon by an outside force. One must 
remember that motion must be straight-line in order to it to agree with 
Newton's first law. 
Demo 4: Which direction with the ball fly when let go? 
Inertia with Toys 
Objective: to discover and reinforce the concept of inertia by playing 
and exploring on your own 
Apparatus: Tops (multiple sizes), pennies (5-8), medicine cup, notebook 
paper, small beanbag 
Theory: 
Inertia can be defined several ways. It relates to the tendency 
of an object at rest to stay at rest or an object in motion to stay in 
motion. It also is a physical property that has to do with how much 
mass an object has. Basically, inertia is a measure of two things: rest 
and motion. 
In this activity, we are going to try several simple experiments 
to test our knowledge of inertia with everyday objects. 
Suggested Procedure: 
Part I: "Magic Tablecloth H 
1. Put a sheet of paper on a table near the edge with about half of it 
hanging off the table. 
2. Place the medicine cup on the sheet of paper. 
3. Quickly pull the sheet of paper off to the side and slightly down. 
4. Take note of the results. 
5. Repeat Step #4, but this time pull the paper out slowly. 
6. Take note of the results. 
7. Try Step #4 and #6 again, but with water in the cup and note the 
difference. 
Part II: "Target Practice" 
1. Lay a pencil or other small object on the floor to mark the target. 
2. Stand about 10 meters from the target with the beanbag in hand at 
your side. 
3. Run towards the target so that as you pass, the target will be next 
to you. 
4. Drop the beanbag at the moment the bag is directly above the target. 
5. Note the landing location of the bag relative to the target. 
6. Sketch the path of the beanbag. 
7. Repeat Steps 2-4 two more times, once while running faster and once 
while running slower and note the results. 
8. Repeat Steps 2-4 again, but this time drop the bag such that it will 
land on the target. 
9. Take note of any differences made in aiming and dropping. 
Part III: "Stack of Coins" 
1. Stack all of the pennies except for one on top of each other. 
2. Place the remaining penny on the table and flick it along the table 
into the coin on the bottom of the stack. 
3. Practice until the stack remains in tact when the pennies change 
places. 
Part IV: "Topsy Turvy" 
1. Play with several tops of different styles and sizes. 
2. Take note of which tops stay spinning the longest. 
3. Record any discernable characteristics of the "successful" tops. 
Questions: 
Part I: 
1. Why did the cup stay when pulled quickly but not slowly? 
2. What difference did the water make? 
Part II: 
3. Why did you miss the target the first several times? 
4. Sketch the path of the beanbag. 
5. What did you do differently in order to hit the target? 
Part III: 
6. What did you have to do in order to keep the stack of coins in tact? 
Part IV: 
7. Which top(s) spun the longest? 
8. What characteristics did they share? 
9. This about inertia, how did this come into play with the tops? 
10. Think of another example of an everyday experience (not mentioned 
in class) where Newton's first law is used. 
Extra Credit: Explain one, real, everyday example of something that 
does not follow Newton's first law of motion. 
Inertia Homework 
1. An astronaut in outer space 
away from gravitational or 
frictional forces throws a 
rock. The rock will 
a. gradually slow to a stop 
b. continue moving in a 
straight line at constant 
speed 
2. The rock's tendency to do 
this is called 
a. weight 
b. acceleration 
c. inertia 
3. The sketch shows a top view 
of a rock being whirled at 
the end of a string in a 
clockwise direction. If the 
string breaks, the path of 
the rock is 
a. A 
b. B 
c. C 
d. D 
1 
, , 
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Suppose you are standing in the aisle of a bus that travels along 
straight road at 100 km/h, and you hold a pencil still above your 
4. Relative to the bus, the 
velocity of the pencil is 0 
kro/h, and relative to the 
road, the pencil has a 
horizontal velocity of 
a. <100 km/hr 
b. 100 km/hr 
c. >100 km/hr 
5. Suppose you release the 
pencil. While it is dropping, 
relative to the road the pencil 
still has a horizontal velocity 
of 
a. <100 km/hr 
b. 100 km/hr 
c. >100 km/hr 
6. This means that the pencil 
will strike the floor at a place 
directly 
a. behind you 
b. directly at your feet 
c. in front of you 
J 
a 
head. 
7. Relative to you, the way the pencil drops 
a. is the same as if the bus were at rest 
b. depends on the velocity of the bus 
8. How does this example illustrate the law of inertia? 
Use the words mass, weight, and volume to complete the table. 
(Words may be used once, more than once, or not at all) 
9. The force due to gravity on an object 
10. The quantity of matter in a object 
11. The amount of space an object takes up 
12. The law of inertia states that no force is required to maintain 
motion. Why, then, do you have to keep peddling your bicycle to 
maintain motion? 
13. Suppose you place a ball in the middle of a wagon and then 
accelerate the wagon forward. Describe the motion of the ball 
relative to the ground and to the wagon. 
14. How do you get dirt off a rug or towel? How does this relate to 
inertia and Newton's Law{s)? 
15. In an orbiting space shuttle, you are handed two identical boxes, 
one filled with sand and the other filled with feathers. Explain 
how you can tell which is which without opening them. 
Date: Day Three (Wednesday) 
Course: Physics 
Topic: Newton's Laws- Inertia (l st Law) 
Objectives: 
Given the chance to experiment, students will be able to explain inertia and understand 
what is necessary in order to monitor and regulate the motion of an object taking 
into accounts its natural "inertial" tendencies. 
Standards: 
P.l.l 
P.2.1 
P.l.2 
P.2.2 
Methods: (Time) 
Warm-up (-5 minutes) 
P.l.4 
P.2.3 
Lab: Inertia- Egg Challenge (-45 minutes) 
Safety: 
None 
Materials: 
See lab for complete list of materials 
Resources: 
P.l.5 
Physical Science Concepts for Teachers- James Watson 
Assessment: 
P.l.6 P.1.7 
Students will be informally assessed by interacting and working with groups on 
construction of inertia carts. 
Formal assessment will be based upon ability of carts to perform task successfully and 
based upon correctly answering of post-lab questions. 
Notes: 
Inertia: Egg Challenge 
Objective: to understand inertia and what is necessary in order to 
monitor and regulate the motion of an object taking into accounts its 
natural "inertial /l tendencies 
Materials: raw egg, four-wheel cart (provided), building materials 
(some provided, but mostly from home), Vernier® Fer Force meter 
Theory: 
All objects possess a property called inertia. Inertia relates to 
an object's mass and is defined as the property that keeps an object 
either in motion or at rest. In order to change the state of motion of 
an object, one has to overcome the inertia. 
In this activity, we are going to attempt to overCome the inertia 
of a raw egg in order to keep it in tact when run into a wall. 
Procedure: 
Each team will construct a "car" for their egg to drive. The car 
must fit completely on top of the cart (4" wide x 10" long) without 
hanging off. It must be no taller than 6". The egg must sit no further 
than 4" from the front of the cart. 
The body and innards of the car may be made of any approved 
materials, including those brought from home. Commercially made 
cushions/shock-absorbers may not be used. Mr. Morse will make final 
decision on appropriateness of building materials. Although body design 
may be discussed and planned before class, all building must be done 
within the 3D-minute time limit. 
After 30 minutes of building, teams will compete against one 
another to see who has built the best anti-inertia machine. Teams will 
be judged back upon running their carts head-on into the digital force 
meter. Whichever team can achieve the greatest force without breaking 
will win. All other teams will be graded on a curve based upon their 
finishing position. 
Rubric: 
Requirements Points 
Construction of eligible 5 points 
cart 
Minimum of 1 successful 5 points 
crash wlo yolk 
Crash-rating Scaled (up to 10 points) 
Post-crash Questions 5 points 
Post-Crash Questions: 
1. A level (similar the one "depicted" below) is made of an air bubble 
trapped inside a cylinder with a colored liquid. Which direction 
will the bubble move when the level is quickly pushed to the left? 
Why? (Think about what other property inertia is related to) 
Liquid 
Air bubble 
Try it out to test your theory. Did the results agree, why or why 
not? 
2. You are standing on a bus. Why do you fall forwards when the bus 
stops? 
3. The Titanic saw the iceberg. Why didn't it turn and miss it? 
4. Why would a sprinter be able beat a horse in a 50-yard dash but not 
a 400-meter run? 
5. What modification(s) could have been made to the egg (other than 
hard-boiling) in order to make the crash-test easier? 
Date: Day Four (Thursday) 
Course: Physics 
Topic: Newton's Laws- Forces 
Objectives: 
Given definitions and examples, students will be able to differentiate vector and scalar 
quantities and will be able to define a quantity accordingly. 
Given examples and information from lecture, students will be able to correctly define 
what a force is and will know how to create one. 
Given examples and a chance to practice, students will be able to calculate the force of 
gravity on an object caused by the earth's gravity. 
Standards: 
P.l.l 
P.2.1 
P.1.2 
P.2.2 
P.1.4 
P.2.3 
P.1.S 
Methods: (Time) 
Warm-up (-5 minutes) 
Discussion: History of Motion (-10 minutes) 
Assessment: Quiz # I ( -15 minutes) 
Discussion: What is a Force? wi Demos (-20 minutes) 
Homework: Take-Home #2 
Safety: 
None 
Materials: 
Spring scale 
Metric masses 
Resources: 
Various small objects (to weigh) 
Magnets 
Conceptual Physics- Paul G. Hewitt 
Physics: A Window to Our World- Jay Boleman 
Physical Science Concepts for Teachers- James Watson 
http://online.cctt.org/curriculumguide/units/newton.asp 
P.1.6 P.1.7 
Assessment: 
Informal assessment will be based upon students' abilities to answer questions during the 
discussion/lecture. 
Formal assessment will be based upon students' performance on the assigned work and 
quiz. 
Notes: 
History of Motion 
The concepts of force, motion, and acceleration have been topics 
of consideration for thousands of years. As early as the 4th century BC, 
the Greek philosopher Aristotle studied motion, forces, and the solar 
system. Copernicus and Galileo followed with their own theories on 
motion. Sir Isaac Newton was the next physicist to revolutionize the 
laws of motion. Since Newton, several physicists have made their 
presences known in the world of motion. 
Aristotle: 
He divided motion into two types: natural motion and violent motion 
Natural motion- either straight up or straight down 
Objects seek their natural resting places 
• Heavy objects fall & light objects rise 
Violent rnotion- imposed motion (the result of a push or pull) 
Has an external cause 
• Push moves objects from their natural resting place 
Was held as "true H for nearly 2000 years 
Copernicus: 
Nicolaus Copernicus (1473-1543) was famous for his theory that the 
earth orbited around the sun 
Was controversial because of contradiction with current scientific and 
religious ideas 
Work was not published until the day of his death 
Galileo: 
Galileo, a 17th century Italian scientist, was one of the most 
influential physicists of his day 
He founded many of the ideas on which current physics is built 
Defined: 
Force: a push or pull 
Friction: the force that acts between materials that touch as 
they move past each other 
• Caused by irregularities in the surfaces 
Inertia: the resistance to a change in the state of motion of an 
object 
Was concerned with how and why things move 
Used experiment, not logic, to test knowledge 
Worked famously with gravity and air resistance (calculated UgH) 
Newton: 
Most famous and influential physicist to date 
Penned three laws of motion dealing with motion, acceleration, and 
interacting forces: 
1st Law: Every object continues in a state of rest, or of motion in 
straight line at constant speed, unless it is compelled to change 
that state by forces exerted upon it. 
2 nd Law: The acceleration produced by a net force on an object is 
directly proportional to the magnitude of the net force, is in the 
same direction as the net force, and is inversely proportional to 
the mass of the object. 
3rd Law: Whenever one object exerts a force on a second object, the 
second object exerts an equal and opposite force on the first object 
Was able to describe all motion according to his laws and back it up. 
with experimental evidence 
Laws still stand today as descriptions of motion of objects 
Since: 
Although many enhancements and refinements have been made on Newton's 
laws, they have yet to be disproved or disregarded 
First change in "Newtonian physics U came with Einstein's Theory of 
Relativity 
Although Einstein's theories did serve to alter some of Newton's ideas, 
it did not discredit his laws of motion 
Newton's laws of motion are still as valid today as the day they were 
first written 
vector/Scalar Quiz 
Answer the following questions about vector and scalar quantities. 
1. What two characteristics must a vector quantity possess? 
2. What is the scalar equivalent of velocity? 
3. Is the number on a speedometer a vector or scalar quantity? Explain. 
4. Is the number on a balance a vector or scalar quantity? Explain. 
5. Average acceleration can be found by dividing what value by total 
time? 
6. Weight is found by multiplying what two values? 
7. What is the difference between a scale and a balance? 
8. Is time vector or scalar? Why? 
9. An object's (circle one) weight/mass could vary from one location to 
another I but its weight/mass would stay the same. 
10. What is the value for the gravitational force of attraction of the 
earth anywhere on the surface of the earth? (Remember units) 
What . ŸVĚ a 
- a push or pull. 
It can also be defined as an 
Force is a vector quantity that has both 
Force? 
between two bodies. 
and 
You can't see a force, but you can see the 
something's 
it makes in 
The 81 unit of force is the ), named after Isaac Newton. 
We experience forces of all kinds at all times: 
Walking 
Flying a kite 
Lifting a pencil 
Stepping on a bug 
Turning a door knob 
Pushing a button 
Driving a car 
Forces can be categorized into two types: 
Contact force- a force exerted between two or more objects that are 
actually ______ ŸĚ
Example: on a table 
Long-range force- a force that acts between two of more objects that 
are in 
Example: attraction 
Demo 1: Magnetic force 
The classic example of a force that we are most familiar with is 
Weight is a force that results from the 
on an object. 
_____ ' s pull of 
Mass is a measure of _______ , while weight is a 
At the earth's surface, we can calculate the weight of an object by 
multiplying the object's 
(which is equal to' ______ __ 
Calculate your weight in Newtons: 
l-lb 
l-kg 
2.2-kg 
9.8 Newtons 
Demo 2: Newton spring scale 
by the force of 
m/s 2 ) 
Like all vector quantities, forces can combine to create a _____ _ 
force. 
We will discuss net forces more in the next few days, for now know that 
forces can combine to create a or force. 
Take-Home #2 
Observe a friend or member of your family for 15 minutes (they 
must be awake). Record every force that they: cause, feel, or somehow 
come into contact with. Explain where the force comes from (originates) 
and how it effects them. Be specific and include as many as possible. 
Date: Day Five (Friday) 
Course: Physics 
Topic: Newton's Laws- F = ma (2nd Law) 
Objectives: 
Given the change to experiment, students will discover the relationship between 
acceleration and mass/force as defined by Newton's second law. 
Standards: 
P.l.l 
P.2.1 
P.l.2 
P.2.2 
Methods: (Time) 
Warm-up (-5 minutes) 
P.l.4 
P.2.3 
Lab: Inquiry into 2nd Law (-45 minutes) 
Safety: 
None 
Materials: 
See lab for complete list 
Resources: 
P.l.5 
Physical Science Concepts for Teachers- James Watson 
Assessment: 
P.l.6 P.l.7 
Informal assessment will be based upon interaction with groups during inquiry activity. 
Formal assessment will be based upon the quality ofthe groups' lab reports. 
Notes: 
Newton's Second Law 
Objective: to discover how mass, acceleration, and force are related 
Apparatus: pull-back cars, metric masses, metric balance, Microsoft 
Excel 
Theory: 
According to Newton's 2nd Law, acceleration is related to the mass 
of an object and the force applied to move it. Find out how. 
Procedure: 
Force: amount of energy supplied 
i.e. How far the car is pulled back 
Acceleration: amount of energy expended 
i.e. How far the car travels 
Mass: amount of matter an object is made of 
i.e. How much I'stuff" 
Part I: Force VS. Acceleration 
1. Develop a method of determining how force and acceleration are 
related. 
2. Carry out your experiment and collect and record at least 10 data 
points. 
3. Plot you data of force vs. acceleration in Excel and do a "best-fit" 
curve. 
Part II: Mass vs. Acceleration 
1. Develop a method of determining how mass and acceleration are 
related. 
2. Carry out your experiment and collect and record at least 10 
points. 
data 
3. Plot you data of mass vs. acceleration in Excel and do a "best-fit" 
curve. 
Report: (Must be typed and in complete sentences wi sections labeled) 
Part I: 
1. Explain your procedures in detail. 
2. Present your data is an organized manner. 
3. Present you graph complete with title, labels, and best-fit curve. 
4. Use your procedure, data, and curve to answer the question: 
What is the relationship between force and acceleration? 
Part II: 
1. Explain your procedures in detail. 
2. Present your data is an organized manner. 
3. Present you graph complete with title, labels, and best-fit curve. 
4. Use your procedure, data, and curve to answer the question: 
What is the relationship between mass and acceleration? 
Date: Day Six (Monday) 
Course: Physics 
Topic: Newton's Laws- F = rna (2nd Law) 
Objectives: 
Given examples and definitions, students will be able to explain Newton's second law 
conceptually. 
Given examples and opportunities to practice, students will be able to apply Newton's 
second law (F = rna) mathematically in a variety of instances. 
Standards: 
P.l.l 
P.2.1 
P.1.2 
P.2.2 
Methods: (Time) 
Warm-up (-5 minutes) 
P.\.4 
P.2.3 
P.I.S 
Discussion: F = rna wi Demos & Video (-25 minutes) 
Activity: Math Practice (-20 minutes) 
Homework: Second Law Math Homework 
Safety: 
None 
Materials: 
P.1.6 
Dynamic air track 
Free-wheel car 
Resources: 
String Plastic cup & water 
I-kg masses 
Conceptual Physics- Paul G. Hewitt 
Physics: A Window to Our World- Jay Boleman 
Physics: Principles and Problems- Paul W. Zitzewitz 
P.1.7 
http:// archive .ncsa. uiuc. edu/CyberiaIV ideo TestbedlProjectslNewPhysics/newtons _ 2.html 
http://faculty.rpcs.org/lentznlPhysics/DiscoveringNewton'sLawsLab.PR.htm 
http://homepage.mac.com/phyzmanlphyz/BOP/I-03N2N3/ 
Assessment: 
Informal assessment will be based upon questioning of the class during the 
discussion/lecture and demonstrations. 
Formal assessment will be based upon individuals' ability to complete the assigned math 
homework. 
Notes: 
Law: F rna 
A theory of dynamics must explain three types of motion: 
1. 
2. motion 
3. Uniform 
Newton's law explains two of the three: rest and 
uniform motion. In both cases the force on an object is zero. 
So what happens when there is an external force acting? Newton's 
first law rules out rest and uniform motion. The only type of motion 
left is . From this understanding, we can develop 
Newton's second law. 
It states that: 
The produced by a force 
on an object is directly proportional to 
the of the force, is in 
the same as the force, 
and is inversely proportional to the 
of the object. 
As an equation or proportion, Newton's second law can be written 
and summarized several ways. 
Acceleration VS. Force: 
Acceleration vs. Mass: 
- 1/ 
Combined: 
a ŸĚ F/ __ 
-or- F/m -or- = ma 
Demo 1: Fast track to acceleration 
As more is added, the cart feels a larger 
The constant acceleration (9.B m/s2) in this demo comes from 
Demo 2: Anti-gravity dihydrogen monoxide 
Video Clip: Physics in Sports 
What force must the player exert to accelerate the lBO-kg 
tackling dummy at a rate of 2 m/5 2? 
To get constant acceleration, what must happen to the force in 
each instance? (Remember, F 
F ŸĚ (2m)a F 
rna) 
(lam) a F (O.86m)a 
Second Law Math Practice 
1. Calculate the acceleration of a 2000-kg airplane just before takeoff 
when the thrust of its engine is 500 N. 
2. What force of gravity does a 50-kg child feel when jumping off a 
swing? 
3. Calculate the horizontal force needed to produce an acceleration of 
1.8g for a 1.2-kg hockey puck across totally frictionless ice. 
4. A friend wearing in-line skates has a mass of 60-kg and is standing 
at rest on level ground. If pushed with a force of 45 N, what is her 
acceleration? 
5. What is the acceleration of 300,OOO-kg jet at takeoff when the 
thrust for each of its four engines is 30,000 N? 
6. If you weigh 600 Newtons, what is your mass in kilograms? 
7. An average size apple weighs about 1 Newton. What is its weight in 
ounces? (16 oz. ŸĚ 1 lb.) 
8. A rocket engine gives a constant thrust to the rocket during its 
flight, and in the equation F = rna, F is constant. As the rocket 
travels, it uses the fuel that initially accounts for most of its 
mass. According to Newton's second law, what will happen during the 
flight? 
9. If a loaded truck that can accelerate to 1 m/s2 loses its load and is 
down to ŸĚits loaded mass, what acceleration can it attain from the 
same driving force? 
10. How much force does a 20,000-kg rocket develop to accelerate 
to 1 m/s'? 
11. On Earth, a scale shows that you weigh 585 N. What is your mass? 
What would the scale read on the moon (g ŸĚ 1.6 m/s')? 
12. A dragster completed a 402.3 meter run in 4.936 seconds. If the car 
had a constant velocity, what would be the driving force applied by 
the engine? 
13. The maximum force a grocery sack can withstand and not rip is 
250 N. If 20.0 kilograms of groceries are lifted from the floor with 
an acceleration of 5.0 m/s2, will the sack hold? 
14. You place a 7.5-kg jetpack on a spring scale on the planet Mars. 
If the scale reads 78.4 N, what is the acceleration due to gravity 
on Mars? 
15. A I-pound box of crackers generally has 11454 grams" on its label. 
The pound is its weight, while the 454 grams is its mass. Use F = rna 
to prove that a mass of 0.454 kg weighs one pound on earth. 
Second Law Math Homework 
Answer the following questions, showing all applicable work. 
1. Calculate the acceleration of a 15,OOO-kg airplane just before 
takeoff when the thrust of its engine is 750 N. 
2. A certain force F gives a mass M an acceleration of a. The same 
force F will give a mass of 2M an acceleration of 
a. 2a c. a/2 
b. a d. a/4 
3. Calculate the horizontal force needed to produce an acceleration of 
12 m/5 2 for a a.S-kg baseball across the floor (ignore friction). 
4. A force of 30 N accelerates a block across that block at 6.0 m/5 2, 
what is the mass of the block? 
5. If you weigh 800 Newtons, what is your mass in kilograms? 
6. Which of the following objects is more massive: 
a. A 100 N force pulls causing this mass to accelerate at 25 m/s2 
b. A 50 N force pulls causing this mass to accelerate at 10 m/s2 
7. If a truck that can accelerate to 5 m/s2 takes on load and is up to 
ÍŸĚits empty mass, what acceleration can it attain from the same 
driving force? 
s. How much force does a lS,500-kg rocket develop to accelerate 
to 3.7 m/s2? 
9. On Earth, a scale shows that you weigh 692 N. What is your mass in 
grams? What would the scale read on the Mercury (g = 2.4 rn/s2)? 
10. What force would a 25-kg eagle feel as it accelerated at a rate 
of 2.4 m/s'? 
Date: Day Seven (Tuesday) 
Course: Physics 
Topic: Newton's Laws- Net Force 
Objectives: 
Given examples and class discussion, students will understand the concept of net force 
and how it relates to Newton's laws. 
Given previous experience and examples for reinforcement, students will be able to 
combine vectors to find the resultant. 
Given examples, students will be able to calculate net force correctly and apply kinematic 
equations to use this information to find other values. 
Standards: 
P.l.l 
P.2.1 
P.1.2 
P.2.2 
Methods: (Time) 
Warm-up (-5 minutes) 
P.1.4 
P.2.3 
Discussion: Net Force (-25 minutes) 
Activity: Net Force Math (-20 minutes) 
Homework: Take-Home #3 
Safety: 
None 
Materials: 
Metric spring scale 
Metric masses 
Resources: 
Conceptual Physics- Paul G. Hewitt 
P.1.5 
Physics: A Window to Our World- Jay Boleman 
Physics: Principles and Problems- Paul W. Zitzewitz 
P.1.6 
Physical Science Concepts for Teachers- James Watson 
http://www.phschool.com/science/cpsurf/mechanics/index.htmI 
http://online.cctt.org/curriculumguide/units/newton.asp 
P.1.7 
Assessment: 
Informal assessment will be based upon discussion and questioning of students. 
Formal assessment will be based upon the ability to complete the practice math 
assignments and conceptually explain the concepts on the assigned homework. 
Notes: 
Net Force 
Up until now, we have been talking about individual or 
forces acting This phenomenon of only one force acting 
happens. Often the force we feel is a of 
several forces. This combination is called force. 
Recall that force is a quantity, having both 
and 
the 
state of 
Like any other vector, forces can be combined to find 
This resultant force is what change's an object 
Demo 1: Pulling down 
Adding more increases the individual 
increase in lone forces causes an increase in 
the same direction ___ _ 
Demo 2: Pulling back 
_____ " This 
force. Forces in 
Adding a force in the opposite direction causes a 
the net force. Forces in opposite directions 
Demo 3: Pulling at angles 
Adding a force in any direction affects the of the 
in 
object. All forces can be combined to find the net force. 
Whenever an object is sitting at rest, it still feels the force 
of Although this force is acting, there is no 
Therefore, the net force must be equal to The force that 
pushes up to "cancel out" gravity is called the 
object in contact with the ground or another 
force. Any 
stationary 
object, will experience a normal force exactly equal to weight. If the 
object is resting on an , the normal force acts 
to the surface it is resting upon. 
In order to understand all the forces acting upon a body, we use 
a diagram. In these diagrams, a is used to 
represent the object and are used to represent the forces. 
Once all forces are drawn, they are combined by using the vector 
method. Combine x-components and then y-components; then 
use 
Practice 1: 
theorem to find resultant. 
Draw free-body diagrams for the situations depicted on the board. 
Block @ rest: 
Block in motion: 
Block on an angle: 
Blocks and a pulley: 
Whenever a force is acting upon an object, we assume it to be the 
net force unless informed otherwise. Newton's 
and laws all deal with force. 
According to Newton's first law: A net force can change an 
object's state of . Only a non-zero net force can make an 
object at move or an object in motion 
change that motion (stop, speed up, or turn) . 
According to Newton's second law: If the net force is zero, there 
will be no If a net force is applied, the object will 
______________ . In light of this new information, Newton's second law is 
better written as: 
F rna 
Therefore before we can solve a problem using Newton's second 
law, we must first draw a diagram, and then find the 
force. After these two steps, we are finally ready to solve for 
mass or 
finding 
_______________ . If we force the equation for "F" we are actually 
force. 
In summary: 
Although we are always concerned with every force acting upon an 
object, we are most concerned with the net force. 
In order to find this next force, we must combine all of the 
forces acting upon that object. 
Net Forces 
1. Draw a free-body diagram for a IOO-kg person sitting in a rolling 
chair who is being pushed to right with a force of 75 N. (Don't 
forget gravity and its "partner" force) 
2. Draw a free-body diagram for a lO-kg block sitting at rest on an 30° 
inclined plane. 
3. Three forces act upon a block: a 10 N force to the left, a 15 N 
force to the right, and a 5 N force also to the right. What is the 
net force on the block? 
4. A 50-kg steel ball is being pulled upwards with a force of 510 N, 
what is the net force felt by the ball. What is its acceleration? 
5. Which object could be moving with constant, straight-line motion if 
only the forces shown are acting upon it? 
(Al (8) (C) 
6N 
3N 
4N 4N ĨÔŸŸĨÔĚ 3N ŸĚ 1---75N 
2N 1 
3N 
6. A friend wearing in-line skates has a mass of 60-kg and is standing 
at rest on level ground. If pushed with a force of 45 N and feels 
15 N of resistance from friction, what is her acceleration? 
7. What is the net force felt by an 2S-kg object that is pulled by a 
rope with a force of 15 N at an angle of 45°? 
B. What is the magnitude of the missing force in the picture below? 
?N < J 51<g ) 10 N 20 N 
a = 0 m/sac'2 
9. What is the magnitude and direction of the acceleration for a 120-kg 
object that being pulled upwards with a force of BOO N, to the right 
with a force of 500 N, and feels its weight downwards? 
10. Given that the hanging block has a mass of 2-kg and the block on 
table has a mass of 3-kg. What will be the acceleration of both 
blocks as soon as the blocks are let go? 
Take-Home #3 
Two physics students look at a picture of 
their friend on a sled. He and the sled acted on 
by two forces: gravity down and the snow pushing 
equally up. During the discussion, Anna suggests 
to Noah that the sled could be moving. Noah 
disagrees. He says since the forces are equal, 
the net force would be zero and the sled me be 
stopped. 
Who is correct? Why? 
ŸŲŠẂĚ
Date: Day Eight (Wednesday) 
Course: Physics 
Topic: Newton's Laws- Net Force 
Objectives: 
Given the chance to experiment, students will be able to combine vectors to find the 
resultant. 
Given the change to experiment, students will be able to calculate net force correctly and 
apply equations to use this information to find other values. 
Standards: 
P.l.! 
P.2.1 
P.1.2 
P.2.2 
Methods: (Time) 
Warm-up (-5 minutes) 
P.1.4 
P.2.3 
Lab: Net Force (-45 minutes) 
Homework: Net Force Homework 
Safety: 
None 
Materials: 
See lab for a complete list 
Resources: 
P.\.5 
Physics 110: Laboratory Manual- Ball State University 
P.\.6 P.1.7 
Physics: For Scientists and Engineers wi Modem Physics- Raymond A. Serway 
Assessment: 
Informal assessment will be based upon interaction with the lab groups. 
Formal assessment will be based upon the students' ability to complete the lab and the 
homework successfully. 
Notes: 
Net Force 
Objective: to apply the concept of vector addition to find the net 
force felt by an object 
Apparatus: large construction paper, metric spring scales, free-wheel 
cart, string, upright supports, protractor 
Theory: 
A vector is a mathematical concept to represent quantities that 
have magnitude and direction. Vector quantities include displacement, 
velocity, acceleration, and force. Vectors can be added by either a 
graphical or mathematical method 
Because force is a vector quantity, we can combine forces 
mathematically to find the total, or net, force. This net force is the 
total force experienced by an object. 
In this experiment, we will review vector addition and then use 
that knowledge to find the net force on an object at rest. 
Procedure: 
Part I: Basic Vector Addition 
Vector A has a magnitude of 50-em and makes an angle of 30° 
with the x-axis. 
Vector B has a magnitude of 75-em and makes an angle of 50° 
with the x-axis. 
1. On the construction paper, draw the vectors using a meter stick and 
a protractor. 
2. Add the vectors graphically and draw the resultant vector. 
3. Measure and record the resultant vector. 
4. Resolve the vectors into components and add them to find the 
resultant. Compare this result to the graphical result. 
5. Calculate the percent error for the graphical method. 
Part II: Net Force 
1. Hang the cart from a string that is tied to the two other strings, 
each of which is attached to two spring scales. 
2. Secure each of these to the uprights, which should be about ŸĚmeter 
apart. 
3. Record the angles between pairs of strings (draw a sketch to help 
with this) . 
4. Record the readings on the scales. 
5. Mathematically calculate the weight of the cart in Newtons from the 
spring scale readings. 
6. Find the mass of the cart on a balance and calculate the weight of 
the cart in Newtons from the reading on the balance. 
7. Compare the actual weight (from the balance) with the experimental 
weight (from the vector addition). 
Data: 
Part I: 
1. Mathematically determine the resultant vector. 
2. Redraw the graphical method to scale. 
3. Calculate the percent error between values (use mathematical 
determination as accepted value) . 
Part II: 
1. What is the mass of the cart? 
2. Draw the cart system including the angles and values on the spring 
scales. 
3. Calculate the weight of the cart from vector addition. 
4. Calculate the weight of the cart using the mass. 
5. Calculate the percent error between values. 
Net Force Homework 
Answer the following questions, showing all applicable work. 
1. Forces of 10 N north, 20 N east, and 15 N south are simultaneously 
applied to a 4-kg mass as it rests on an air table. What is the 
object's acceleration? 
2. A boat moves through the water with two forces acting on it. One is 
the 2000 N push cause by the motor; the other is an 1800 N resistive 
force cause by the water. What is the acceleration of the lOaD-kg 
boat? 
3. Two forces act on a 5-kg mass. Fl 
acceleration in each instance. 
a. Fl acts at 0° and Fz acts at 90° 
b. Fl acts at 0° and Fz acts at 60° 
20 Nand F, 15 N. Find the 
4. The distance between two telephone poles is 50-m. What a I-kg bird 
lands on the wire midway between the poles, the wire sags 0.2 m. 
Draw a free-body diagram of the bird. 
5. If a spring scale reads 400 Newtons when you are being pulled 
upwards by a 300 Newton force, what is your mass in kilograms? 
Date: Day Nine (Thursday) 
Course: Physics 
Topic: Newton's Laws- Friction 
Objectives: 
Given real-life examples, students will understand the concepts of friction and air 
resistance and will be able to explain their effects conceptually. 
Given examples and practice, students will be able to mathematically solve for the 
friction an object experiences and use that value to determine related quantities. 
Standards: 
P.l.1 
P.2.1 
P.1.2 
P.2.2 
Methods: (Time) 
P.1.4 
P.2.3 
Warm-up (-5 minutes) 
Discussion: Friction (-25 minutes) 
Activity: Friction wi Toys (-20 minutes) 
Homework: Friction Homework 
Safety: 
None 
Materials: 
Wood block 
Sandpaper 
Resources: 
Metric spring scale 
Metric masses 
Conceptual Physics- Paul G. Hewitt 
P.l.5 
Physics: A Window to Our World- Jay Boleman 
P.l.6 P.1.7 
Toy wi parachute 
See lab for other materials 
Physics: For Scientists and Engineers wi Modem Physics- Raymond A. Serway 
Physics: Principles and Problems- Paul W. Zitzewitz 
Physical Science Concepts for Teachers- James Watson 
Assessment: 
Informal assessment will be based upon participation in the discussion and activity. 
Formal assessment will be based upon ability to complete the activity and the homework. 
Notes: 
Friction 
is the name given to the force that acts between 
materials that as they move past each other. It is caused by 
in the surfaces of the objects. Friction affects 
objects that are at and those in . In order to set 
an object in motion, a force must be applied that is than 
or to the force of friction. In order to keep the same object 
in motion, a force must be applied that is at least to the 
force of friction. 
There are two types of friction: 
1. friction 
2. friction 
To uncover these two types of frictional force, let's imagine a 
block at rest on a concrete floor. Initially, you push and the block 
does not move. According to Newton's law, we need positive 
force in order to accelerate a mass. The force that is resisting 
the push you applied is the frictional force. It is extended 
between surfaces when there is no ______ . Static friction only 
acts in response to other . The frictional force can never 
the applied force. The force of static friction will 
continue to grow until it reaches its Once the applied 
force is than the frictional force, the block will move. 
The equation for static friction is: 
Ff : 
Ils: 
FN: 
Demo 1: Static friction of block 
force 
of static friction 
force 
Once our crate is moving, it will feel our second kind of 
friction, friction. The kinetic frictional force is extended 
between surfaces when there is 
The equation for kinetic friction is: 
force 
of static friction 
force 
Demo 2: Which frictional force is larger? 
As demonstrated, the frictional force is larger than 
the frictional force. Once an object is "broken free," it 
doesn't take as much force to overcome the 
Friction is not exclusive to solids in contact with each other, 
it also affects the fluid states ( and ) . 
is the term used to describe the friction acting upon 
something moving through the air. You feel air resistance whenever you 
walk or jog, but it is more evident when you are moving at 
speeds (riding a bike). We know that air resistance is directly 
proportional to an object's 
As an object falls faster and faster, it will feel a 
frictional force from air resistance. Air resistance is also related to 
a(n) 
a(n) 
and _________ . An increase in surface area will cause 
in air resistance. An increase in mass will cause 
in air resistance. 
Demo 3: Parachute jumper 
As the air resistance an object feels due to its 
increases, upward force it experiences as a result also 
Eventually, the force from the air resistance will be equal to the 
force of ______________ ' When this happens, the object stops 
_________________ ' At this point, the object's 
constant, This velocity is known as 
becomes 
velocity. 
Friction with Toys 
Objective: to discover and reinforce the concept of friction by playing 
and exploring on your own 
Apparatus: Plastic hockey puck, sand paper, wax paper, aluminum foil, 
construction paper, meter stick, baseball, softball, tennis ball, stop 
watch, parachute jumper, pennies 
Theory: 
Friction is a force that is all around us at all times. It 
opposes the motion of an object because of interactions between an 
object and its surroundings. Friction can come in the form of one solid 
object rubbing on another, or it can be the interaction between a 
falling object and the air around it (called air resistance). In any 
easel the force of friction opposes other applied forces to create a 
net force, which is smaller expected. 
In this activity, we are going to try several simple experiments 
to test our knowledge of friction with everyday objects. 
Suggested Procedure: 
Part I: "Slap Shot" 
1. Practice pushing the hockey puck until it slides straight and about 
the same distance with each push. 
2. Go to the different "surface stations" (Sand paper, wax paper, etc.) 
on by one and push the puck. 
3. After each push measure the distance that the puck travels. Relate 
the distance to the amount of friction created by each surface. 
Part I I: "Bombs Away" 
1. Have one partner go to the top of the stairwell with the three 
sports ball. 
2. Drop and time each ball as it falls. 
3. Measure the mass and approximate surface area of each ball. 
4. Relate falling times to: mass surface area, and terminal velocity. 
Part III: "Parajumper" 
1. Use a rubber band to secure the parachute to the figure. 
2. Practice throwing it up to about the same height each time. 
3. Time how long it takes for the jumper to go from the highest point 
to the floor. 
4. Unwrap the parachute and repeat Step #3. 
5. Tape pennies to the parajumper and repeat Step #3. 
6. Compare the times for each trial and draw conclusions about air 
resistance. 
Questions: 
1. How do the different surfaces affect the distance that the puck 
traveled? What does this mean in terms of frictional forces? 
2. How do mass and surface area relate to the falling times, air 
resistance, and terminal velocities of the balls? 
3. How does adding the parachute help to save our soldier's life? What 
would happen if the soldier were morbidly obese? 
4. How is the air table in air hockey used to make the game more 
exciting? 
5. Think of instances in which friction actually helps motion. Explain 
when and why this would be the case. 
Friction Homework 
Answer the following questions, showing all applicable work. 
1. How much force would you have to apply in order to set a IS-kg 
wooden block in motion on a wooden table ĜŸVĶĚ 0.40)? 
2. Suppose you wish to push a stack of books across a table and 
accelerate them at 1 m/5 2, If their mass is 12 kg and the coefficient 
of friction is 0.417, what force would you have to apply? 
3. A horizontal force of 100 N is required to push a crate across a 
factory floor at constant speed. 
a. What is the friction force acting on the crate? 
b. If the crate has a mass of 50-kg, what is the coefficient of 
kinetic friction? 
4. What will be the acceleration of a skydiver when air resistance is 
half of the weight of the skydiver? 
5. Suppose a sled runs on packed snow (which has a ŸÛĚ ŸĚ 0.12). If a 
person weighing 650 N sits on a 50 N sled, what force is needed to 
pull the sled across the snow at constant speed? 
6. Two tennis balls are sliced opened. One is filled with sand and the 
other with Styrofoam, and then they are both closed. Which will have 
a greater terminal velocity? Why? 
7. A sled of mass 50-kg is pulled along the snow-covered ground. 
iI-', ŸĚ 0.30; ilk ŸĚ 0.10) 
a. What does the sled weigh? 
b. What force will be needed to start the sled in motion? 
c. What force will be needed to keep the sled in motion? 
d. Once moving, what force must be applied to accelerate the sled at 
3 m/s 2 ? 
8. An elephant and a mouse jump off a cliff. Which has a greater 
terminal velocity? Which will reach terminal velocity first? 
Date: Day Ten (Friday) 
Course: Physics 
Topic: Newton's Laws- Friction 
Objectives: 
Given the chance to experiment, students will be able to calculate net force and determine 
how this relates to the acceleration of an object. 
Given the chance to experiment, students will be able to quantitatively measure the effect 
offriction upon the motion of an object. 
Standards: 
P.l.1 
P.2.1 
P.l.2 
P.2.2 
Methods: (Time) 
P.l.4 
P.2.3 
Warm-up (-5 minutes) 
Assessment: Quiz #2 (-1 0 minutes) 
Lab: Friction (-35 minutes) 
Safety: 
None 
Materials: 
See lab for complete list 
Resources: 
P.l.S P.1.6 P.l.7 
Physics 110: Laboratory Manual- Ball State University 
http://online.cctt.org/curriculumguide/units/newton.asp 
http://www.phys.ttu.edul-batcarn/Courses/semester..1020IlLabsIUNIT%2005%20APPLI 
CA TIONS%200F%20NEWTON'S%20LA WS.htm 
Assessment: 
Informal assessment will be based upon interaction with the lab groups. 
Formal assessment will be based upon the class's performance on the quiz and with the 
experiment. 
Notes: 
Force Quiz 
Answer the following questions about Newton's Laws and forces. 
1. The inertia an objects possess is most closely related to its: 
a. mass 
b. weight 
c. force 
2. A block at rest experiences two forces: its weight and the normal 
force. Why doesn't the block experience a third force of friction? 
3. A ball rolls down a frictionless, uniform-slope ramp. 
a. Its acceleration is: 
i. Increasing 
ii. Decreasing 
iii. Constant 
b. When the ball reaches the bottom and rolls along a level surface 
and experiences friction, it: 
i. Continues to accelerate 
ii. Stays at a constant speed 
iii. Slows down 
4. A 75 N force is applied to a 50-kg block, what is the block's 
acceleration? 
5. Why is it easier to turn bicycle around a tight corner than an 
IS-wheeler? 
6. An increase in which of the following would increase the terminal 
velocity of an object: 
a. mass 
b. surface area 
c. wind resistance 
7. A ball feels three forces: a 50-N force left, a 75-N force left, and 
a lOO-N force right. What is the magnitude and direction of its 
acceleration? 
Friction 
Objective: to test the effect friction has upon the net force of an 
object and see how this affects its acceleration 
Apparatus: 1 piece of cloth, LoggerPro Motion Detector, LoggerPro 
software, LabPro computer interface, protractor, spring, meter stick, 
bathroom scale, coffee filter, paper disks 
Theory: 
Friction is a force that is all around us at all times. It 
opposes the motion of an object because of interactions between an 
object and its surroundings. Friction can come in the form of one solid 
object rubbing on another, or it can be the interaction between a 
falling object and the air around it (called air resistance). 
In any case, the force of friction opposes other applied forces 
to create a net force, which is smaller than expected. We can measure 
the friction and find out how it will affect the motion of the object. 
By knowing all the forces acting upon an object, we can calculate its 
acceleration. 
In this activity, we are going to perform two procedures to 
quantitatively test the effect of friction. 
Procedure: 
Part I: 
One group member will sit on a piece of cloth and be pulled 
across the floor with a constant force. The force will not parallel to 
the floor; it is at some angle e above the horizontal. 
1. Consider the person and cloth to be one object. Draw a free-body 
diagram for the person-cloth. Apply Newton's Second Law to the 
horizontal and vertical components of forces. 
2. Use a very stiff spring (obtain a spring from an instructor) to pull 
a person on a piece of cloth with constant force, as described 
above. (A force of 58. 8N stretches the spring 2-cm.) 
3. Use a motion detector to measure the acceleration horizontal to the 
floor (in the x-direction). 
4. Measure the angle at which the force is applied using a protractor 
and the distance the spring is stretched while you are pulling the 
person. 
5. Measure the mass of the person using the bathroom scale. 
6. Apply Newton's Second Law in the x-direction to determine the 
magnitude of the frictional force. 
7. Apply Newton's Second Law in the y-direction to determine the 
magnitude of the normal force. 
8. When an object is moving it experiences a frictional force called 
the force of kinetic friction. The magnitude of the force of kinetic 
friction is found to be proportional to the magnitude of the normal 
force. The constant of proportionality is called the coefficient of 
kinetic friction. This can be written as: 
F f - flFN 
9. Find the coefficient of kinetic friction for the person sitting on 
the cloth. 
Part II: 
We will drop coffee filters towards the motion detector and 
record the velocity versus time graph of the motion. As the mass is 
increased, we will see how this changes the acceleration and terminal 
velocity of the object. 
1. Draw a free-body diagram of the falling filters including all forces 
acting upon the filters. 
2. Drop the empty coffee filter and collect the data using the motion 
detector. 
3. Repeat Step #2 six times, each time placing an additional paper disk 
inside the filter to increase the mass. 
4. Use the graph to find the terminal velocity of the filter. 
5. Label and print the graph for each drop. 
Results: 
Part I: 
1. Free-body diagram of person-cloth system: 
2. Acceleration (from motion detector) 
3. Angle of pull (8): 
4. Distance spring is pulled: 
a. Force applied (S8.8-N force stretches the spring 2-cm) 
5. Weight of person: 
a. Mass of student (I-kg 2.2-lb) 
6. Magnitude of frictional force: 
7. Magnitude of normal force: 
8. Coefficient of kinetic friction: 
Part II: 
1. Free-body diagram of coffee filter: 
2. Terminal velocity of filter: 
Empty Filter 
Filter wi 1 disk 
Filter wi 2 disks 
Filter wi 3 disks 
Filter wi 4 disks 
Filter wi 5 disks 
Filter wi 6 disks 
3. What happened to the motion of the filters as the speed of the 
falling filters increases? 
4. When the filters are first dropped, what is their acceleration? 
5. Just before they reach terminal velocity, what is their 
acceleration? 
6. How does the terminal velocity change as mass increase? Explain with 
a free-body diagram. 
Date: Day Eleven (Monday) 
Course: Physics 
Topic: Newton's Laws- Action/Reaction (3,d Law) 
Objectives: 
Given information and examples from lecture and demonstrations, students will be able 
to define and explain the concept of action/reaction forces. 
Given a specific situation to define, students will be able to identify action/reaction pairs. 
Standards: 
P.l.1 
P.2.1 
P.1.2 
P.2.2 
Methods: (Time) 
Warm-up (-5 minutes) 
P.\.4 
P.2.3 
P.\.5 
Discussion: ActionlReaction (-25 minutes) 
Discussion: Horse & Cart (-5 minutes) 
Activity: Reaction Fun Mini-Lab (-15 minutes) 
Homework: Take-Home #4 
Safety: 
See lab 
Materials: 
P.\.6 P.1.7 
Gun recoiling video String See lab for additional materials 
Balloon Wagon 
Resources: 
Conceptual Physics- Paul G. Hewitt 
Physics: A Window to Our World- Jay Boleman 
http://www.phschool.com/science/cpsurf/mechanics/index.html 
http://www.teachers.netllessons/posts/661.html 
Assessment: 
Informal assessment will take place by questioning students during the lecture, 
discussion, and lab activity. 
Notes: 
Action/Reaction Forces 
We defined a force as simply a or a ____ , but there is 
more to a force than this simple definition. Even Newton realized that 
a force in not a lone entity, it is a part of an 
Newton's law deals with this interaction of forces. 
It states: 
Whenever one object exerts a ____ _ on 
a second object, the second objects exerts 
an and force on the 
first object. 
Newton I s third law is often stated as: "every has an 
equal but opposite " This explanation is correct, but not as 
complete as our definition. In order to be complete and correct, we 
must consider the at play. One force is called the 
force, and the other is called the force. 
TO understand Newton's third law, we must identify 
_____ 1 pairs. Pairs of forces can always be described 
using this pattern: 
Object exerts a force on object __ 
Object __ exerts a force on object __ 
No matter what our two objects are, they will always exert forces on 
one another. 
Demo 1: Everyday force pairs 
Whenever any force is applied, there is an equal and opposite 
force acting. When you push on the ____ , the wall _________ back on 
you. When you hit a ball with a bat, the forces acting upon the bat and 
the ball are and . When gravity pulls a rock down 
to the ground, the rock ____ _ the ground 
case, why don't we see the earth move? 
Video 1: Gun recoil 
to it. If this is the 
In this video: When the gun is fired, the bullet 
on direction and the gun ________ _ the other direction. This is 
caused because the exerts a force on the ___________ , and the 
Why does the bullet exerts an equal force on the 
acceleration more? 
vs. F = IDa 
is exerted, the different Although the same 
cause different Likewise when an object falls towards 
the _________ , both the object and the earth accelerate towards each 
other. A small object will accelerate far more because its is 
insignificant compared to the of the earth. In fact, it is 
impossible to even measure how much the earth 
the falling object. 
towards 
Demo 21 Balloon rocket 
The same idea of the recoiling gun is used when launching a 
_____________ . A rocket is propelled through the air, not because the 
exhaust is pushing against the , but because of the 
force of the exhaust exiting the rocket. The exhaust acts 
like thousands of causing the rocket ( ______ ) to recoil. 
A lot of people have misconceptions about action/reaction forces 
Because forces are equal and opposite, shouldn't they 
equal zero? The answer is In order to see how the forces affect 
the objects, we must look at the different We must look at 
each object and the objects 
Demo 3: Rolling wagon? 
If two objects (A & B) are exerting forces upon one another that 
are an action/reaction pair, they must be and 
In order to show that these force cancel out, let's consider 
kicking a football. 
As your foot (object A) comes into contact with the ball (object 
B), your foot exerts a force on the ball. At the same time, the ball 
exerts an and force on your foot. So, why does the 
ball move? The ball moves because there is a acting upon it. 
The reaction force acts upon the __________ , not the 
Therefore, the forces don't cancel because they act upon 
objects. 
Horse-Cart Problem 
I quit! 
After years of working in television for next to nothing, Mr. Ed 
needed a new job. So he gets a job pulling a cart, but years of fame 
have spoiled him and he has no desire to pull the cart. Using his 
knowledge of physics, he decides to explain to his master (you) why he 
shouldn't have to pull the cart. He says to you, "For me to pull this 
cart would be a futile effort. According to Newton's third law, as hard 
as I pull on this cart it will pull back on me. Our forces will be 
equal and opposite, so they will cancel out. No matter how hard I pull, 
the net force will be zero and we won't move." 
What would you say in response? 
Action/Reaction Fun 
Objective: to discover and reinforce the concept action/reaction forces 
Apparatus: safety goggles, vinegar, baking soda, tissue paper, straws, 
plastic bottle, rubber stopper to fit bottle, petroleum jelly 
Theory: 
Every action has an equal and opposite reaction. Whenever you 
push on something, it pushes right back. This can be demonstrated 
countless ways. It is used everyday by billions of people without even 
knowing it. 
In this activity, we are going to do a simple experiment to show 
action/reaction pairs in action. 
Procedure: 
1. Put on safety goggles 
2. Find masking tape line (starting line) on the floor. 
3. Place three straws, side-by-side, on the floor, behind the line. 
4. Pour 100-mL of vinegar into the bottle. Then lay the bottle on its 
side, making sure the vinegar does not leak out. 
S. Place the bottle horizontally on top of the straws. (The length of 
the bottle should lie across all three of the straws). The bottle's 
neck should be facing away from the rest of the class. 
6. Coat the rubber stopper with petroleum jelly. 
7. Place two tablespoons of soda on a piece of tissue, roll the tissue, 
and twist the ends (like a tootsie roll). 
8. Put the wrapped tissue in the bottle and quickly fit the stopper 
loosely but securely into the mouth of the bottle. Do NOT force the 
stopper/cork in tightly! Be sure the tissue paper and its contents 
are in contact with the vinegar. 
9. Observe what happens and record any measurements . 
• Once the stopper is in the bottle, do not touch the bottle until the 
stopper is expelled. Should any adjustments need to be made or the 
demonstration does not seem to work, the teacher must assist. * 
10. Clean Up: Wash the bottle; throw tissue awaYi use soap to clean 
stopper; wipe table and floor, if needed. 
Questions: 
1. What action/reaction forces were present in this activity? 
2. How did these forces relate to the motion of the bottle? 
3. How could we get the bottle to go further? 
4. How is this similar and different from a gun recoiling? 
Take-Home #4 
1. Rockets are unable to accelerate in space 
because: 
a. There is no air in space for the rockets 
to push off of. 
b. There is no gravity is in space. 
c. There is no air resistance in space. 
d. Nonsense! Rockets do accelerate in space. 
2. In the top picture, a physics student is pulling upon a rope that is 
attached to a wall. In the bottom picture, the physics student is 
pulling upon a rope that is held by the Strongman. In each case, the 
force scale reads 500 Newtons. The physics student is pulling: 
a. With more force when the rope is attached to the wall. 
b. With more force when the rope is attached to the Strongman. 
c. With the same force in each case 
3. Identify at least six action/reaction pairs in the following 
picture. 
Date: Day Twelve (Tuesday) 
Course: Physics 
Topic: Newton's Laws- ActionlReaction (3 rd Law) 
Objectives: 
Given the chance to experiment, students will be able to explain and demonstrate 
action/reaction forces. 
Given data and examples, students will be able to combine Newton's three laws to make 
more complex calculations. 
Standards: 
P.l.! 
P.2.1 
P.l.2 
P.2.2 
Methods: (Time) 
Warm-up (-5 minutes) 
P.l.4 
P.2.3 
Lab: ActionlReaction (-45 minutes) 
Homework: ActionlReaction Homework 
Safety: 
See lab 
Materials: 
See lab for complete list of materials 
Resources: 
Conceptual Physics- Paul G. Hewitt 
P.l.5 
Physics: A Window to Our World- Jay Boleman 
Physics: Principles and Problems- Paul W. Zitzewitz 
P.l.6 P.l.7 
Physical Science Concepts for Teachers- James Watson 
http://www.batesville.kI2.in.uslPhysicslPhyN etlMechanicslN ewton31N ewton3 Intro .html 
Assessment: 
Formal assessment will be based upon students' ability to complete and correctly answer 
the lab questions and the homework assignment. 
Notes: 
Action/Reaction Forces 
Objective: to reinforce the concept action/reaction forces 
Apparatus: Logger Pro force sensors, carts (2): one wi spring loaded 
lever, metric masses, metric spring scales, string, pulleys (2), ring 
stands, ring stand clamps 
Theory' 
A vector is a mathematical concept to represent quantities that 
have magnitude and direction. Vector quantities include displacement, 
velocity, acceleration, and force. Vectors can be added either by a 
graphical or mathematical method 
Because force is a vector quantity, we can combine forces 
mathematically to find the total, or net, force. This net force is the 
total force experienced by an object. 
In this experiment, we will review vector addition and then use 
that knowledge to find the net force on an object at rest. 
Procedure: 
Part I: Newton/s Third Law 
1. Mount the force sensors on the two carts. 
2. Plug the sensors into the ports as explained on the board. 
3. Connect the S-hooks with a small piece of chain to the tops of the 
force sensors. 
4. Start collecting data, then gently pulls the carts apart. 
5. Print out the graph of the forces. 
6. Repeat the same procedure holding one cart in place and pulling the 
other. 
7. Print out the graph of the forces. 
Part II, Third Law in an Explosion 
1. Set the spring-loaded lever on one cart by pushing the rod in and 
pushing it to the side so the lever catches on the end of the cart. 
2. Place the carts so that the end of the spring-loaded lever is 
touching the end of the other cart. 
3. Release the lever by pressing the button on the top of the cart with 
a pencil. 
4. Take note of the motion of the carts, their acceleration, and the 
forces acting upon each cart. 
5. Add a significant amount of mass to one cart and repeat Steps 1-3. 
6. Once again I take note of the motion of the carts, their 
acceleration, and the forces acting upon each cart. 
Part III, Tug-of-War 
1. Zero the spring scale. 
2. Set up the apparatus shown to the 
right. 
3. Record the measurement on the 
scale. 
4. Add more mass to each side and 
record the new measurement 
[ 
I I 
Data: 
Part I: 
1. How are the magnitude and the direction of the forces related? 
2. How did the results differ when only one cart was pulled? 
3. Can you pullan one cart without having the other cart pull back? 
Part II: 
Trial #1 (Equal masses) 
1. Describe the motion of both carts. 
2. What evidence do you have that both carts experienced a force? 
3. How are the accelerations related? 
4. Is the same amount of force exerted in each cart? How do you know? 
Trial #2 (Unequal masses) 
5. Describe the motion of both carts. 
6. What evidence do you have that both carts experienced a force? 
7. How are the accelerations related? 
8. Is the same amount of force exerted in each cart? How do you know? 
Part III: 
9. How does the weight on the scale relate to the masses hanging from 
it? Analyze these results according to Newton's third law. 
Action/Reaction Homework 
Answer the following questions, showing all applicable work. 
1. When you jump up, the world really does recoil downward. Why can't 
this motion of the world be noticed? 
2. When swimming, you push the water backward: call this action. What 
is the reaction force? 
3. A car brakes to a halt. What forces act on the car? 
4. A 65-kg boy and a 45-kg girl use an elastic rope while engaged in a 
tug-af-war on a frictionless surface. If the acceleration of the 
girl toward the boy is 3.0 mis', find the magnitude of the 
acceleration of the boy toward the girl. 
5. Research and explain how Newton's laws are related to the tides. 
6. You are stuck in the middle of an icy pond (totally frictionless) . 
You have only the clothes on your back. How do you get off of the 
pond? 
7. Relate Newton's third laws to the orbits of the planets and moon. 
Date: Day Thirteen (Wednesday) 
Course: Physics 
Topic: Newton's Laws- Review 
Objectives: 
Given the chance to experiment, students will be able to understand and apply all of 
Newton's law appropriately. 
Standards: 
P.!.I 
P.2.1 
P.1.2 
P.2.2 
Methods: (Time) 
Warm-up (-5 minutes) 
P.1.4 
P.2.3 
Assessment: Quiz #3 (-10 minutes) 
Discussion: Unit Review (-10 minutes) 
Activity: Dropped Balls (-25 minutes) 
Assignment: Man your rockets! 
Safety: 
See lab 
Materials: 
See lab for complete list of materials 
Resources: 
Conceptual Physics- Paul G. Hewitt 
P.l.5 
Physical Science Concepts for Teachers- James Watson 
http://www.cmdowns.com/newtons-Iaws-Iab.htm 
Assessment: 
P.I.6 
Formal assessment will be abed upon students' achievement on the quiz. 
P.I.7 
Informal assessment will be based upon discussion/questions during unit review and the 
lab activity. 
Notes: 
Newton's Laws Quiz 
Answer the following questions about Newton's Laws. 
1. Complete the following chart. 
Newton's 1 st Law Newton's 2M Law Newton's 3 ra Law 
State the law in 
your own words 
Associated terms 
and/or nickname 
of law 
Everyday example 
2. Match the deflnltlons wlth the approprlate letters. 
I. Tendency for an object to resist A. Newton's l't 
changes in motion. 
II. Also known as Law of Inertia B. Newton's 2nd 
III. Push or Pull C. Newton's 3 ed 
IV. Law based on the equation F rna D. Force 
V. Unit of Force E. Inertia 
VI. Object Changing position F. Newtons 
VII. The greater the force on an object, G. F = ma 
the greater the of an object. 
VIII. For every action there is an equal 
and opposite reaction. 
H. Acceleration 
IX. Equation showing relationship between J. Mass 
force, mass, and acceleration. 
x. The greater the ____ of an object, 
the smaller the acceleration if a 
similar force is applied. 
K. Motion 
Law 
Law 
Law 
Dropped Balls 
Objective: to reinforce and differentiate all of Newton's laws 
Apparatus: Clay, ruler, baseball/ tennis ball, billiards ball, Ping-Pong 
ball, balance, tape 
Theory: 
Sir Isaac Newton's laws can be observed all around us at all 
times. His laws are able to describe millions of phenomena from the 
microscopic to the enormous. By understanding and applying his laws, we 
can have a better understanding of the world around us. 
In this activity, we are going to do a simple experiment to 
relate all of Newton's laws. 
Procedure: 
1. Go to a location in the room next to a wall. 
2. Place a piece of tape 1 meter above the floor. (This will be the 
point you release the balls from during the laboratory) . 
3. Take the mass of each of the balls using a balance and place these 
masses in the observation table provided. 
4. Roll up the clay into a ball and place the ball of clay on the floor 
under the piece of tape. Place a piece of tape to mark the top of 
the clay. 
5. Drop each of the balls from the l-meter mark so that they land on 
the clay. Using the taped mark just above the clay, measure how much 
each ball dents the clay. Place that amount in the observation table 
provided. 
6. During this laboratory, think about how you are observing Newton's 
Three Laws of Motion. 
Observations: 
Type of Ball Mass of Ball Depth of Dent in Clay 
Ping-Pong Ball 
Tennis Ball 
Baseball 
Billiards Ball 
Questions: 
1. Describe one way you observed Newton's First Law of Motion during 
this laboratory. 
2. Newton's Second Law of Motion explains the relationship between 
mass, force and acceleration. In this experiment acceleration due to 
gravity was the same for each ball. What was the relationship 
between FORCE and MASS when acceleration was held constant? 
3. Describe one way you observed Newton's Third Law of Motion during 
this laboratory_ 
Date: Day Fourteen (Thursday) 
Course: Physics 
Topic: Newton's Laws- Newton's Rockets 
Objectives: 
Given the chance to research and work cooperatively, students will be able to construct 
rockets (applying Newton's law) that are able to successfully take wing and soar 
into the cosmos. 
Standards: 
P.l.l P.1.2 
P.2.1 P.2.2 
Methods: (Time) 
Warm-up (-5 minutes) 
P.\.4 
P.2.3 
Lab: Rocket Challenge (-45 minutes) 
Assignment: Review Homework 
Safety: 
P.1.5 P.l.6 P.l.7 
Appropriate measures must be taken to ensure that rockets are fired in a safe and secure 
manner. 
Materials: 
Rocket launcher 
Stop watch 
Resources: 
http://www.ag.ohio-state.edul-rockets/ 
http://www.h2orocket.com/topic/favorite/slide.html 
http://www .lnhs.org/rocketfestl200 I event_ descriptions. pdf 
http://hometown.aol.com/txsnapper/tips.html 
Assessment: 
Formal assessment will be based upon students' abilities to complete the required 
objectives and correctly apply Newton's laws in their rocket description. 
Notes: 
Newton's Rocket 
Objective: 
The goal of this project is to delve further 
into the subject of Newton's Laws. We will go beyond 
the textbook (and even the classroom) to see all of 
Newton's Laws in action. 
Assignment: 
Students will work in groups of 3 or 4 to construct a rocket from 
a 2-liter bottle. Groups will compete against one another in two 
categories: 
-Launch #1: Maximum time aloft "naked" 
-Launch #2: Maximum time aloft w/ parachute 
Along with each rocket, a one-page, typed explanation of the 
rocket must be completed. The explanation will include a description of 
the design, and must also relate design choices to Newton's Laws. 
Topics to note are: Action/reaction forces, inertia, F-m, F-a, air 
resistance, net force, etc. 
Rules: 
1. Students will bring one completed 2-liter bottle rocket for each 
launch. No commercially finished or model products may be used. 
2. The pressurized portion of the rocket must consist of at least one 
plastic 2-liter pop bottle. 
3. The mass of the empty rocket assembly cannot exceed 500 grams. 
4. All energy imparted to the rocket must originate from the water/air 
pressure combination. No other potential or kinetic source of energy 
will be permitted. 
5. Timing of the rocket stops when the first part of the rocket hits 
the ground, when the rocket disappears from the sight, or when the 
rocket impacts or gets entangled in an object. 
6. All rockets will be launched at a pressure not to exceed 75 psi. 
Once the rocket is pressurized, no contestant can touch or approach 
the rocket. 
7. There will be only one trail per launch per participant. Each rocket 
launched must pass a safety inspection and have a mass measurement 
taken. 
8. All rockets will be launched using the launching pad provided by the 
Mr. Morse. 
9. A parachute apparatus must successfully deploy during Launch #2. 
Due Date: 
Rockets will be launched the third Thursday of the unit (see 
timeline). No late launches will be allowed unless previous 
arrangements have been made. 
Project Timeline-
Monday Tuesday Wednesday Thursday Friday 
Project Take-Off 
Optional 
Practice Launch 
(After school) 
Optional 
Practice Launch Launch Day Unit Test 
(After school) 
Scoring Rubric· (100 points) 
Poor/Incomplete Mediocre Excellent 
0-4 points 5-7 points 8-10 points 
Launch #1 
Completed Rocket 
Satisfies Safety/Mass 
Requirements 
Successful Launch 
10 Seconds Aloft 
(1 point per second up to 10) 
Written Description 
Launch 112 
Satisfies Safety/Mass 
Requirements 
Successful Launch 
Parachute Deployed 
20 Seconds Aloft 
(\> point per second up to 10) 
Written Description 
Bonus Points will be given to group with maximum time aloft 
for each launch. 
Good Links for Info: 
http://www.ag.ohio-state.edu/-rockets/ 
http://www.h2orocket.com/topic/favorite/slide.html 
http://www.lnhs.org/rocketfest/2001event_descriptions.pdf 
http://hometown.aol.com/txsnapper/tips.html 
Group 
Members: 
Period: 
Poor Mediocre Excellent comments 
0-4 points 5-7 points 8-10 points 
Launch #1 
Completed Rocket 
Satisfies 
Safety/Mass 
Requirements 
Successful Launch 
10 Seconds Aloft 
(1 point per second 
up to 10) 
Written Description 
Launch #2 
Satisfies 
safety/Mass 
Requirements 
Successful Launch 
Parachute Deployed 
20 Seconds Aloft 
ĜŸĚpoint per second 
up to 10) 
Written Subscription 
Total 
Newton's Laws Homework 
Newton's three laws are sometimes referred to as: 
• the law of inertia 
• the law of F = ma 
• the law of action-reaction 
Write a sentence or two about each law to describe what it says. 
Then express your understanding of the meaning of each of the three 
laws by describing several scenarios or real-world phenomena that 
illustrate each law. Include at least two scenarios/phenomena for each 
law (for a total of at least six). Explicitly explain how each scenario 
or phenomenon helps to illustrate one of Newton's laws. Use complete 
sentences. Be clear, specific, and organized. 
Date: Day Fifteen (Friday) 
Course: Physics 
Topic: Newton's Laws- Unit Test 
Objectives: 
Given infonnation from the unit, students will be able to explain and apply Newton's 
laws conceptually and mathematically in a variety of situations. 
Standards: 
P.Ll 
P.2.1 
P.1.2 
P.2.2 
Methods: (Time) 
Wann-up (-5 minutes) 
P.1.4 
P.2.3 
Assessment: Unit Test (-45 minutes) 
Safety: 
None 
Materials: 
None 
Resources: 
Conceptual Physics- Paul G. Hewitt 
P.1.S 
Physics: A Window to Our World- Jay Boleman 
Physics: Principles and Problems- Paul W. Zitzewitz 
Physical Science Concepts for Teachers- James Watson 
Assessment: 
P.1.6 P.1.7 
Fonnal assessment will be based upon students' achievement on the unit test. 
Notes: 
Newton's Laws 
Write the letter of the choice that best completes the statement 
of answers the question. 
1. Losing speed as you ride your bike uphill demonstrates Newton's 
law. 
a. First 
b. Second 
c. Third 
d. None of the above 
2. If you push against a wall, the wall pushes back against you with 
force. 
a. No 
b. Less 
c. Equal 
d. Greater 
3. If the weight of a balloon is 3000 N and the lift force provided by 
the atmosphere is 3300 N, in which direction is the net force 
acting? 
a. Upward 
b. Downward 
c. Towards the north 
d. Towards the east 
4. When the drag force on an object equals the force of gravity, the 
object attains 
a. Terminal -v-e""'l;-o-c-""i"'"t-y-
b. Acceleration 
c. Inertial mass 
d. Maximum mass 
5. What force is required to accelerate a 6.1-kg bowling ball at the 
rate of 2.9m/s'? 
a. 2.1 N 
b. 18 N 
c. 0.48 N 
d. None of the above 
6. What is the mass of a cat that weighs 38.2 N? 
a. 370 kg 
b. 38.2 N 
c. 0.259 kg 
d. 3.89 kg 
7. A 51-N force acting at 30° and a 23-N force acting at 75° both act 
concurrently on point P. What is the magnitude and direction of a 
third force that produces a net force equal to zero? 
a. 72 N at 39° 
b. 72 N at 219° 
c. 76 N at 39° 
d. 76 N at 219° 
8. The law of inertia only applies to 
a. Objects at rest 
b. Moving objects 
c. Objects in space 
d. Both moving and unmoving objects 
9. You drop your ski pole while riding in a moving chair lift. What 
trajectory does an observer see the pole take? (Chair is moving left 
to right.) 
a. b. c. 
Ground 
10. A player hits a ball with a bat. The action force is the impact of 
the bat against the ball. What is the reaction force? 
a. The weight of the ball 
b. Air resistance on the ball 
c. The force of the ball against the bat 
d. The grip of the player's hand against the bat 
11. A 10-kg brick and a 1-kg block are dropped in a vacuum. The force 
of gravity on the 10-kg brick is 
a. The same as the force on the 1-kg block 
b. 10 times greater than the force on the 1-kg block 
c. 10 times less than the force on the 1-kg block 
d. Zero 
12. Your friend says that the heavyweight champion of the world cannot 
exert a force of SO N on a piece of tissue paper with this best 
punch. The paper is held in midair: no wall, no tricks. 
a. You agree that it can't be done 
h. You disagree, a heavyweight fighter can exert a force much 
greater than 50 N 
c. You disagree, anyone can exert a force equal to 50 N on the 
paper (it's only a few pounds) 
d. You have reservations 
13. If the force of gravity suddenly stopped acting on the planets, 
they would ŸŸŸŸĚ__ __ 
a. Fly straight away from the sun 
b. Spiral slowly away from the sun 
c. Spiral slowly towards from the sun 
d. Move in straight lines tangent to their orbits 
14. A heavy person and a light person parachute together and wear the 
same size parachutes. Assuming they open their parachutes at the 
same time, which person reaches the ground first? 
a. The light person 
b. The heavy person 
c. They reach the ground together 
d. No enough information 
15. How does the acceleration of an object change in relation to its 
16. 
mass? It is 
a. 
b. 
c. 
d. 
The 
a. 
b. 
c. 
d. 
Directly proportional 
Inversely proportional 
Proportional to the inverse square 
Independent of mass 
acceleration produced by a net force on an object is 
Directly proportional to the magnitude of the net force 
Inversely proportional to the mass of the object 
In the same direction as the net force 
All of the above 
17. A sheet of paper can be withdrawn from under a container of milk 
without toppling it if the paper is jerked quickly. The reason this 
can be done is that 
a. There is an action-reaction pair operating 
b. The milk carton has very little weight 
c. Gravity pulls very hard of the milk carton 
d. The milk carton has inertia 
18. What is the maximum resultant possible when adding a 3-n force to a 
8-N force? 
a. 5 N 
b. B N 
c. 11 N 
d. 24 N 
Answer the following questions, showing your calculations. 
19. The following forces act on an object: 10 N north, 50 N south, and 
40 N west. What is the magnitude of the net force? 
20. How much (in Newtons) does a O.S-kg salami weigh? 
21. The coefficient of kinetic friction between a 7B-kg box and a 
warehouse floor is 0.27. How much force is needed to keep the box 
moving at constant velocity? 
22. On Planet X, a 57-kg barbell can be lifted by exerting a force of 
only 270 N. 
a. What is the acceleration of gravity on Planet X? 
b. If the same barbell is lifted on Earth, what minimal force is 
needed? 
23. A 2S.0-kg mass (m,) on a frictionless table is accelerated by a 
2.0-kg mass (m,) hanging over the edge of the table. What is the 
acceleration of the mass along the table? 
Answer the following questions using complete sentences. 
24. Explain the relationship between mass and weight on Earth. Would 
this relationship change on Mars? Justify your answer. 
25. Draw the horizontal forces acting on a horse pulling a cart. Draw 
forces on the cart as well as on the cart. In terms of these forces, 
explain why the cart moves. Explain why the horse moves. Why don't 
action/reaction forces· cancel each other? 
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